The relationships governing 1,3-butadiene copolymerisation in a hexane solvent in the temperature range 30-70°C were studied. The copolymerisation process was initiated by n-butyllithium. A mixture of alkali metal and alkaline earth metal amine-containing alcoholates (AMD) 
Temperature is one of the process parameters that most affects the kinetics of a chemical process and the characteristics of the product obtained [1] . Increase in temperature increases the rate of the chemical reaction considerably. This has a favourable effect on the technical and economic indices of the process. At the same time, with increase in temperature, the contribution of secondary reactions can increase, which leads to a reduction in the selectivity of the process and to a deterioration in the quality characteristics of the synthesised product. Each chemical process requires an individual approach to selection of the optimum temperature regime. This is governed primarily by the mechanism and thermodynamics of the chemical reaction, and also by the nature of the catalyst (initiator) and other participants in the process. Anionic polymerisation is no exception from the rule. Furthermore, the anionic method of polymer synthesis has features that are uncharacteristic of other processes: the association (aggregation) of initiator molecules, the 'live' nature of growing polymer chains, the dependence of the microstructure of the polymer on the nature of the anionic initiating system, and so on [2] .
The aim of this work was to study the relationships governing the copolymerisation of 1,3-butadiene and styrene in a hexane solvent using a modified lithium-containing initiating system at different process temperatures, and to investigate the microstructure and molecular weight characteristics of synthesised specimens of solution-polymerised styrene butadiene rubber (p-BSR).
The monomers and the solvent were prepared by the standard method for anionic polymerisation [3, 4] . The copolymerisation process was initiated by n-butyllithium (NBL). A mixture of alkali metal and alkaline earth metal amine-containing alcoholates (AMD) was used as the modifier. This was synthesised by the interaction of N,N′-di(β-oxypropyl)ethylenediamine with barium hydroxide and sodium in accordance with Russian Patent Application 2015128922 [5] . A feature of AMD is that it contains alcoholates with two secondary amino groups, the interaction of which with n-butyllithium molecules is accompanied with the formation of a bifunctional initiator based on lithium amide. Application of the indicated initiating system makes it possible to produce a styrene butadiene rubber with amine-containing groups both at the 'head' and in the middle of the polymer chain.
p-SBR was produced in a metal reactor equipped with a stirrer (200 rpm), a jacket to maintain a constant temperature, and devices for introducing the solution of 1,3-butadiene and styrene in hexane solvent (the charge), the initiator, and the modifier and for sampling of the polymer solution. A mixture of n-hexane and its isomers was used as the hexane solvent. 1,3-Butadiene and styrene were copolymerised for 60 min. The process temperature was varied in the range 30-70°C. Ethyl alcohol was used to deactivate the catalyst. Irganox 1520L was used as the stabiliser of the copolymer.
The monomer concentration in the solution was on average 1.45 mol/L, with a mass ratio of 1,3-butadiene to styrene of 80:20. In the experiments, solutions of modifier and catalyst in hexane solvent with working concentrations of 0.25 mol/L and 0.20 mol/L respectively were used. Here, the molar ratio of monomer to NBL was kept at 1000. Investigations were conducted with molar ratios of AMD to NBL of 0:1 and 1:1.
The concentration of the modifying additive was determined by measuring the total alkalinity. The method was based on the interaction of the modifying additive with water taken in excess quantity, with the formation of alkali metal and alkaline earth metal hydroxides and amino alcohol, with subsequent neutralisation of the reaction products by a hydrochloric acid solution in the presence of an indicator -bromothymol blue.
The mass fraction of block styrene in the solutionpolymerised styrene butadiene rubber was measured by a method based on the oxidation of the polymer in 1,2-dichlorobenzene by alkyl or arylkyl hydroperoxide in the presence of osmium(VIII) oxide, the precipitation of polystyrene with ethyl alcohol, and subsequent separation and weighing of the precipitate. The range of measured concentrations was 0.5-50.0%.
The molecular characteristics were determined by gel permeation chromatography on a Breeze liquid chromatograph (Waters) equipped with a refractometric detector. For these purposes, a set of Waters highresolution styrogel columns with a separation range of 50-4 × 10 6 was used. The eluent employed was tetrahydrofuran at a temperature of 40°C. The universal calibration was calculated according to the polystyrene standards of OOO 'Metrotsentr-SK', with a molecular weight of 890-4 × 10 6 .
The microstructure was studied and the mass fraction of bound styrene was determined by IR spectroscopy on a PerkinElmer Spectrum GX 100 spectrometer according to the ISO 21561/2 method. To carry out measurements, a small quantity of copolymer was placed on the crystal of an FTIR (frustrated total internal reflection) attachment and squeezed, and the IR spectrum was recorded in the 1200-600 cm −1 range. The optical densities at 699, 725, 755, 910, 967, 990, and 1200 cm −1 were then measured. Using the equations given in the standard, we calculated the content of cis-1,4-, trans-1,4-, and 1,2-units and bound styrene. To derive the equations, standards with a content of 1,2-units in the 10-77% range and a styrene content in the 0-45% range were used.
The process temperature has a considerable influence on the nature of change in the conversion relationships using the investigated initiating system (Figure 1) . Both in the absence and in the presence of modifier, increase in the process temperature from 30 to 70°C is accompanied with a considerable increase in the monomer conversion. A difference is that, when copolymerisation is carried out using NBL at 30 and 50°C, an induction period is observed in the initial stage of the process. When modifier is introduced, a small induction period is characteristic only of the process carried out at 30°C. Moreover, in the presence of AMD, the degree of monomer conversion is higher (other conditions being equal). Thus, whereas when the modifier is used the time of monomer halfconversion (τ 50% ) at 50°C amounts to 15 min, without the modifier τ 50% at a similar temperature is not reached even within 60 min.
Of interest are the results of studying the influence of the process temperature on the ratio of reactivities of 1,3-butadiene and styrene, which were estimated by measuring the mass fraction of bound styrene in the copolymer at different monomer conversions (Figure 2) . With a molar ratio of AMD to NBL of 0:1, a change in temperature has no significant effect on the content of bound styrene with increase in monomer conversion. This enables us to assume that the ratio of the copolymerisation constants of 1,3-butadiene (r 1 ) and styrene (r 2 ) in the studied temperature range is unchanged. In the presence of AMD, the reactivity of styrene becomes slightly higher than that of 1,3-butadiene, and with a reduction in temperature this effect is enhanced. From Figure 2 it can be seen that a reduction in the copolymerisation temperature from 70 to 30°C is accompanied with an increase in the values of the mass fraction of bound styrene in the initial stages of copolymerisation. Subsequently, as the monomer conversion increases, the values of the mass fraction of bound styrene converge. The higher reactivity of styrene in the presence of AMD was shown earlier [6] , where the calculated copolymerisation constants of 1,3-butadiene (r 1 ) and styrene (r 2 ) amounted to 0.99 and 2.43 (according to the Mayo-Lewis method) and to 0.97 and 2.12 (according to the Feynman-Ross method) respectively.
It must be noted that increase in the reactivity of one of the monomers during copolymerisation may affect the nature of their distribution in the polymer chain, creating favourable conditions for the block distribution of units of the more reactive monomer. The results of analysis indicate that, in p-SBR specimens obtained in the presence of AMD in the temperature range 30-70°C, the distribution of styrene units in block is not found. In other words, the investigated modifier in the studied temperature range ensures a statistical distribution of 1,3-butadiene and styrene units in the copolymer. In the case of using individual n-butyllithium, the mass fraction of styrene units in block was at a level of 12.5 wt%, while the content of bound styrene amounted to 14.8 wt%.
Increase in the process temperature from 30 to 70°C is accompanied with a reduction in the average molecular weights (MWs), irrespective of whether AMD is used (Figures 3 and 4) . With increase in temperature, dissociation of associated initiator molecules probably occurs. In the absence of a modifying additive, the nature of change in molecular weight as a function of monomer conversion is linear. This is one of the general signs of 'live' polymerisation, as in these processes there are no irreversible reactions of chain rupture and transfer [7] . When modifier is introduced, the linear nature of the conversion dependences of the molecular weights is retained, the only exception being the dependence of molecular weight on conversion at 70°C. In the case given, the average molecular weights in the initial stage of the process (up to 20% conversion of the monomers) are higher than at other temperatures. Subsequently, the level of values of the number-average molecular weight (M n ) and weight-average molecular weight (M w ) is lowered, and in the final stage of the process (closer to 100% conversion) it becomes lower than at temperatures of 30 and 50°C. A possible explanation of such behaviour of the conversion dependences of the molecular weights at 70°C is the occurrence of secondary reactions accompanied with a reduction in the concentration of active centres and/or polymer chain rupture (transfer).
From the results of analysing the microstructure of the synthesised p-SBR specimens ( Table 1 ) it can be seen that, in the absence of modifier, with increase in temperature the content of 1,2-units in the copolymer increases a little but does not exceed 12.7%. From the literature it is known that the introduction of electron donor compounds into the reaction medium is accompanied with an increase in 'vinyl' structures [8, 9] . In the case of the use of AMD, which contains the functional groups -NH, -OBa, and -ONa in its structure, the synthesised copolymer is characterised by a high content of 1,2-units in the butadiene part of up to 66.3%, but with increase in temperature to 70°C there is a reduction in 'vinyl' structures in the rubber to 42.8%. The results obtained are in good agreement with literature data [10] .
Thus, in this work we have studied the influence of temperature on the process of copolymerisation of 1,3-butadiene and styrene in hexane solvent in the presence of individual n-butyllithium and an initiating system consisting of amine-containing alcoholates of alkali and alkaline earth metals. The results obtained indicate that in the presence of AMD the reactivity of styrene increases to a greater degree than 1,3-butadiene. Moreover, with reduction in the copolymerisation temperature this effect is enhanced. In both cases, with increase in process temperature the level of the average molecular weights of the copolymer decreases. Here it is noted that at 70°C the introduction of AMD leads to deviation of the dependence MW = f(x m ) from the linear. Also, the use of a modifier is accompanied with a considerable increase in the mass fraction of 'vinyl' units in the copolymer, and temperature also has a considerable influence on the ratio of the concentrations of cis-1,4-and trans-1,4-and 1,2-structures.
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